Objective-Four cases of pituitary adenoma among employees at a primary aluminum production factory were identified over a five year period by a community physician. The objective of this investigation was to determine whether there has been a comparable high incidence in other aluminum factories, and if particular jobs, departments, or activities in the industry are associated with higher rates of the disease. Method-Pituitary adenoma in employees at all United States factories of the company for the years 1989-94 was assessed by a search of a health data information bank and an insurance data base covering present and past employees of the corporation. The incidence in the aluminum workers was estimated and compared with the workers in the index plant. A nested case control study was conducted to compare employment histories of identified cases with those of age and sex matched controls selected from the health information data base. Results-25 cases, including the index cases, were identified which had been diagnosed during the period 1989-94. The resulting rate of 10-4/100 000 person-years was much lower than that at the index plant. Case-control analysis showed no coherent pattern of location, department, or job significantly associated with risk. In particular, jobs and departments associated with exposures common to aluminum smelting-such as coal tar pitch volatiles and fluorides-were shown to be uncommon among cases compared with age and sex matched controls.
Objective-Four cases of pituitary adenoma among employees at a primary aluminum production factory were identified over a five year period by a community physician. The objective of this investigation was to determine whether there has been a comparable high incidence in other aluminum factories, and if particular jobs, departments, or activities in the industry are associated with higher rates of the disease. Method-Pituitary adenoma in employees at all United States factories of the company for the years 1989-94 was assessed by a search of a health data information bank and an insurance data base covering present and past employees of the corporation. The incidence in the aluminum workers was estimated and compared with the workers in the index plant. A nested case control study was conducted to compare employment histories of identified cases with those of age and sex matched controls selected from the health information data base. Results-25 cases, including the index cases, were identified which had been diagnosed during the period 1989-94. The resulting rate of 10-4/100 000 person-years was much lower than that at the index plant. Case-control analysis showed no coherent pattern of location, department, or job significantly associated with risk. In particular, jobs and departments associated with exposures common to aluminum smelting-such as coal tar pitch volatiles and fluorides-were shown to be uncommon among cases compared with age and sex matched controls.
Conclusion-Overall, despite the unprecedented cluster at a single plant, no strong evidence was found that the rate of pituitary adenoma is increased in aluminum workers generally. We found no association with any work activity or location in the industry to suggest a work related or exposure related cause for the disease.
(Occup Environ Med 1996;53:782-786) Keywords: aluminum; pituitary adenoma; cluster Four cases of pituitary adenomas were identified by a community physician at a primary aluminum prebake reduction factory during the five year period 1990-94. All four cases were confirmed as pituitary adenomas based on a review of medical records. Analysis of job descriptions of the four affected men showed that each had had at least some contact with smelter related job activities. Two had worked extensively in anode making areas. With estimates of the smelter workforce during this period, we concluded that the workers at this smelting plant had a rate of pituitary adenoma of about 80/100 000 person-years. This represents a substantial excess over the single reported incidence published for a population from Olmstead County Minnesota of 3 6/100 000, unadjusted for age. ' Although the apparent excess was deemed sufficient cause for concern, the likelihood of an association between the work environment and pituitary adenoma based on existing data or biological inference was not high. Pituitary adenoma has rarely been linked epidemiologically or in case reports to occupational or environmental factors.2 Nine cases of the disease were noted among conductors and engine drivers in a recently reported study of Swedish railway workers, related by the authors to possible occupational exposures to low frequency electromagnetic fields.' Presently there is no known cause for the disease other than its occurrence as part of rare familial multiple endocrine neoplasia syndromes. 4 In animals there is some suggestion that autonomous adenomas can be induced by chronic endocrine stimulation at the hypothalamopituitary level,5 but the relevance of this model to humans is limited to a few case reports of patients on long term hormonal agents who have developed the disease.
Although there is little information relating pituitary adenoma to any environmental exposures, the primary aluminum production environment has been extensively studied. Historically it has had jobs with high exposures to polycyclic aromatic hydrocarbons as a result of the use of coal tar pitch used for making anodes for reducing alumina to aluminum.7 Other chemical exposures of possible concern include fluorides, sulphur dioxide, silica, aluminum, and a range of coal tar pitch decomposition products. Physical hazards include heat, noise, and static electric fields. 8 Collectively these exposures have been related to various cancers, asthma, and dermal telangectasias, and other health risks have been postulated. 9 The strongest causal associations for neoplasms are those between coal tar pitch volatiles and cancers of the urinary bladder and lung. 10 Against this background, we investigated further the occurrence of pituitary adenoma in the aluminum industry and possible associations with work. We considered these questions:
(1) Do aluminum workers experience an incidence of pituitary adenoma comparable with that found at the index plant?
(2) Are there particular job categories, departments, or activities in the industry which are associated with a higher than expected occurrence of this disorder?
Methods
To consider these questions, we investigated incidences of pituitary tumours among present and retired workers throughout all 25 of the United States factories of the large aluminum corporation, Alcoa (including six primary reduction sites and about 40 000 people in the present and retired workforce). The overall strategy involved two steps:
Phase 1-Identification of all cases of pituitary adenoma among present and past employees and calculation of crude incidences for the whole corporation (United States factories).
Phase 2-Selection of matched controls for case-control analysis of risk factors for pituitary adenoma among these employees.
ESTIMATION OF INCIDENCES
Pituitary adenoma is not generally a lethal disease, nor is it typically reportable to tumour registries (unlike other intracranial tumours). For this reason, identification of previous incident cases among company employees required the existence of a means to search medical diagnoses. Fortunately, this was facilitated by two record systems. Firstly, the corporation has contracted with a health information management company to maintain a central data base of all medical consultations in North American divisions since the late 1980s. Also, one insurance company has been the largest single insurer of the corporation's workers for the past decade, and provides access to health information by diagnosis. These two data bases were searched from 1989 (the earliest year for which complete data were available) to the end of 1994 for all cases in each system with any diagnosis (with the ninth revision of the international classification of diseases (ICD-9) or medical procedure code) consistent with pituitary adenoma. The following codes were chosen to represent the broadest possible list, with the goal of maximising the likelihood of identifying every incident case from all present and past company employees in the system: For each case identified by each system, an effort was made to find whether the case was also identified by the other database, and to find if all cases from the previously recognised cluster were accounted for. Also, cases were matched independently by management at two other sites as a secondary means of verifying the completeness of cases.
Once the cases were identified, plant physicians were contacted to review plant medical records to find whether there was evidence of pituitary adenoma documented in the record, or an alternative diagnosis which would explain how the patient had been coded, such as an endocrine disorder not caused by pituitary adenoma, or another intracranial neoplasm. If the record was insufficient to determine the patient's actual clinical diagnosis or year of initial diagnosis, the plant physician called the patient or family to request the information directly after explaining the purpose of the request. On the basis of this information, a decision was made as to whether each identified person in the data base was a case of pituitary adenoma, or had an alternative condition.
The estimated incidence of pituitary adenoma for all Alcoa employees was assessed by dividing the total number of identified cases for the six year period by the total number of person-years during the same period. This figure was estimated by multiplying the number of insured workers and retirees by six.
Only one published account of incidence in a population exists to our knowledge for comparison-a 1995 report from Olmstead County, Minnesota.' Review of these data shows that incidence has been rising rapidly since 1950, with an increase from 0 7 in 1950-69 to 3-6 in 1970-89. Data on age, sex, and race specific incidences are not presented in this series, although the disease has been shown to be far more prevalent in adults than children,"I and may be more common in black people. ' The crude incidence for the corporation was calculated with an estimate of about 40 000 active and retired workers for the entire six year period as follows: 25/(40 000 x 6) = 10-4/100 000 persons/year, compared with 80/100 000 at the index plant. As noted, the only available incidence figure for comparison is 3-6/100 000 (total population) for Olmstead County, Minnesota.'
CASE-CONTROL STUDY
Five controls were randomly selected for each case from the unified health insurance data base. The mean age of the controls on 1
January 1992 was 52-9, almost identical to the cases (53'7). The cases came from 12 different Alcoa plants and the controls from 25 plants. By design, both cases and controls had the same sex distribution (16% women). Mean duration of employment was also similar between the groups (cases 22-9 years, controls 20 7). The ratio of active to retired workers in the two groups was 36% in the cases v 37-6% in the controls. Eleven (8 8%) of the controls were dead compared with none of the cases (table 1) . Table 2 shows the ORs for each of the technology groups and job types, calculated both for ever having worked in that category and for having > 5 years employment in that technology group and job type. In general there was little evidence of work related association across the data set. Striking were the low ORs associated with reduction (smelter) technologies, although none was statistically different from unity. Further breakdown of reduction categories did not alter this result, nor explain the modest excess seen in the maintenance category (see discussion). A history of ever having been employed in a job classified as miscellaneous fabrication was more common among the cases (OR 6&4, 95% CI 1-0-39-0) based on three cases. Odds ratios were also increased for people ever employed as a maintenance worker (OR 2-5, 95% CI 1-0-6-5). The patterns were similar for employment > 5 years in the employment groups.
Discussion
The data presented have strengths and weaknesses for answering the primary study questions. On the positive side, it would seem very likely that cases have been reasonably completely identified. The two largely independent sources of data succeeded separately in identifying almost identical lists, which in turn included all names (n = 10) which had been identified from company sources including the index cases. There is also good reason to trust the follow back scheme, which included both review of plant medical records and direct interview of subjects or spouses.
Given, then, that the 25 cases represent a nearly complete roster of incident cases (and may include some which were previously diagnosed), it would seem that the estimate of 10-4 cases/100 000 present and retired workers/ year during the period 1989-94 is a reasonable estimate for the population. Notably, although the original cluster has been included and accounts for four of the 25 cases, the overall incidence is only about one eighth of the incidence calculated for the initial cluster.
Comparison The main limitation of our case-control study relates to the relatively crude exposure classification scheme used. The job title classification attempted to group all jobs with similar exposures together. Although the original classification was specific to process and type of job, the small sample size precluded an analysis on that level. As a result, the final analysis was made with job classifications of diverse exposures. Nevertheless, the job categories found to have an excess risk of pituitary adenoma had inherently mixed exposures, such as miscellaneous fabrication and the broad classification of maintenance worker. In contrast, the jobs with more specific exposures such as coal tar pitch volatiles or static electric fields, especially in reduction operations, tended to have a reduced risk of pituitary adenoma. However, it must be admitted that our power to detect any but moderately strong associations was low given the few cases in most exposure categories. As we had no strong environmental hypothesis other than those suggested by the cluster itself, we had no basis for developing a classification based on specific hazards or activities.
A potential source of bias in our case-control study design is the source of controls. To be selected as a control a present or retired worker had to have filed at least one health insurance claim in 1992. Thus the controls were chosen from a subset of the Alcoa population: those recently accessing the healthcare system. It is highly unlikely, however, given the innumerable reasons for seeking health care and the high proportion of present and retired workers who use it annually, that any particular job title was overrepresented in the controls. In fact, as the cases and controls were identified from a single, highly representative source, we had the ability to compare the work histories of the cases to a quasi census sample of the entire present and past population of Alcoa workers.
Despite these limitations, we think that the results of this investigation do not support the hypothesis that pituitary adenoma occurs excessively in workers in the aluminum industry or is associated with particular work environments in that industry. Although there was a minimal biological basis for concern at the outset, we pursued this investigation because of a seemingly high incidence at one smelter. Looking now across the corporation, the overall incidence of the disease is far lower, and the distribution of jobs is unremarkable; only nine of 25 cases had had any exposure to aluminum reduction (smelter) work (which includes the four index cases), and only two, both members of the original cluster, were full time smelter workers.
Despite the absence of associations with employment in this study, we think that the method used may be applicable to studies of disease clusters, especially for non-lethal conditions, because of its ability to identify incident cases in large populations. Industry or companywide data bases, such as insurance claims and various forms of personnel and exposure records, are available within many industries, and may serve as the basis for case-control studies of the type described here 
